L aminopLasty, which evolved from extensive laminectomy in the treatment of cervical spinal cord compression, is an established posterior cervical decompression procedure for multisegmental cervical myelopathy. 5, 9, 20 Although acceptable neurological improvement after laminoplasty is achieved, postoperative complications or problems such as axial neck pain, reduction of cervical range of motion (ROM), and changes in spinal alignment are often induced. 1, 3, 7, 12 Axial neck pain, typified by persistent pain around the neck and shoulder, is a notorious postoperative complication after laminoplasty. 8, 12, 18 The incidence of axial neck pain has been reported diScloSure The authors report no conflict of interest concerning the materials or methods used in this study or the findings specified in this paper.
to range from 5% to 80%. 6, 13, 18 Several techniques have been developed by surgeons who attempted to reduce axial neck pain after laminoplasty. 14, 17, 21 In a comparative study between C3-6 and C3-7 laminoplasty, Hosono et al. 6 reported that postoperative axial neck pain was significantly less severe after C3-6 laminoplasty than after C3-7 laminoplasty. They suggested that preservation of the C-7 spinous process and the origin of the trapezius and rhomboid minor muscles on the C-7 spinous process was key to preventing postoperative axial neck pain. The C-7 spinous process is an important muscular attachment point for the trapezius and rhomboid minor muscles connecting to the scapula. They hypothesized that disruption of the musculotendinous connection between the C-7 spinous process and the scapula was one of the causes of postoperative axial neck pain. The C-6 spinous process is the second longest spinous process after the C-7 process, and it also serves as an attachment point for the rhomboid minor and the speculum rhomboideum section of the trapezius, which is composed of the middle fibers of the trapezius and contains a very strong tendinous component. 16 Therefore, we postulated that preservation of the paraspinal muscles of the C-6 spinous process in addition to the C-7 spinous process might decrease postoperative axial neck pain. The relationship between preservation of the paraspinal muscles of the C-6 spinous process and axial neck pain is not well understood. The purpose of the current study was to clarify whether preservation of the paraspinal muscles of the C-6 spinous process reduces postoperative axial neck pain.
methods patient population
In total, 81 patients with no history of cervical surgery underwent a C3-6 spinous process-splitting double-door laminoplasty for the treatment of cervical spondylotic myelopathy (CSM) or cervical ossification of the posterior longitudinal ligament (OPLL) between January 2009 and December 2010. Thirty-three patients were treated with a paraspinal muscle preservation technique at the C-6 level (C6-preservation group), and 48 were treated with a paraspinal muscle nonpreservation technique at the C-6 level (C6-nonpreservation group). A surgeon (I.Y.) who was interested in preservation techniques performed the C6-preservation laminoplasties, and others (T.U. and T.M.) performed the C6-nonpreservation laminoplasties, our conventional technique. Although selection of the surgeon and the patients was not randomized in the current study, the patients were not informed about the C-6 spinous process preservation procedure. Of the patients, 60 were followed up and examined for more than 1 year. The ethics committee of our institution approved the study. Of the 60 patients, 44 were men, and the mean age of the group was 66.5 years (range 47-81 years). Forty-three patients had CSM and 17 had cervical OPLL. The mean follow-up durations were 3 years 1 month (range 1.8-3.8 years) in the C6-preservation group and 2 years 10 months (range 1.5-3.8 years) in the C6-nonpreservation group. Twentyfive patients underwent C6-preservation laminoplasty, and 35 underwent C6-nonpreservation laminoplasty. No significant differences in age, sex, or diagnosis were observed between the 2 groups (Table 1) .
Surgical procedures
In both of the groups, a midline skin incision was made from the C-2 spinous process to the C-7 spinous process. The nuchal ligament was incised in the midline. Then, the incision was continued between the bilateral splenius capitis and semispinalis capitis down to the spinous processes from C-3 to C-6. All the bilateral muscles attached to the C-2 and C-7 spinous processes were preserved by the procedures performed in both groups.
In the C6-preservation procedure, the paraspinal muscles were dissected, detached from the C-3 to C-5 posterior aspect while the attachment points of the paraspinal muscles such as rotators, multifidus, semispinalis cervicis, rhomboid minor, and the speculum rhomboideum of the trapezius (if attached to the spinous processes of C-6) were left intact, and retracted to ensure exposure of the laminae and the medial border of the facet joints. The epidural space was exposed after opening the C-3 split spinous process using a surgical bur, with lateral gutters at the medial border of the facet joint bilaterally. After midline blunt dissection with cutting of the interspinous process ligament between the C-6 and C-7 spinous processes, the epidural space was minimally exposed. The attachments of the paraspinal muscles to the C-6 and C-7 spinous processes were left intact. The C-4, C-5, and C-6 spinous processes were split longitudinally by a thread saw passed through the epidural space from C-3 to C-6/C-7, and lateral gutters were made bilaterally. At the C-6 level, bilateral gutters were made after minimal exposure of the medial border of the facet joint by retracting the paraspinal muscles from the lamina with a Penfield elevator while leaving the muscular attachment to the spinous process undisturbed. Bilateral halves of split spinous processes and laminae were lifted and bilaterally opened. A ceramic spacer was placed between the split spinous processes at each level (Fig. 1) .
In the C6-nonpreservation procedure, the paraspinal muscles were dissected and detached thoroughly from the C-3 to C-6 posterior aspect. Longitudinal splitting of the spinous process from C-3 to C-6 was performed with a thread saw passed through the epidural space from C-6/C-7 to C-2/C-3. The procedures for opening the split spinous processes and placement of ceramic spacers were the same as those described for the C6-preservation procedure ( Fig. 1) . Each patient in both groups wore a cervical orthosis for 10 days after surgery.
clinical examination
A 10-point visual analog scale (VAS) and VAS grading were used to assess axial neck pain 1-3 months after surgery and at the final follow-up observation. Pain around the neck and shoulder persisting for more than 1 week in the 1-3 months after surgery or for more than 1 month after surgery was considered postoperative axial neck pain. Patients were asked to mark their level of pain under the condition of no analgesics. The VAS grades were defined as follows: Grade I, 0-2.5 points; Grade II, 2.6-5.0 points; Grade III, 5.1-7.5 points; and Grade IV, 7.6-10.0 points. Axial neck pain was classified as 1 of 5 types as follows: pain, stiffness, tension, tightness, or traction. The axial neck pain areas of distribution were defined as follows: nuchal region, suprascapular region, superior angle of the scapular region, scapular region, and interscapular region (Fig. 2) . In the C6-preservation procedure, the paraspinal muscles were dissected and detached from the C3-5 posterior aspects. The C3-6 spinous processes were cut longitudinally at the midline using a thread saw, and the attachments of the paraspinal muscles, such as rotators, multifidus, semispinalis cervicis, rhomboid minor, and the speculum rhomboideum of the trapezius, if it was attached, to the spinous processes of C-6 were left intact. At the C6 level, bilateral gutters were made after minimal exposure of the medial border of the facet joint by retracting the paraspinal muscles from the lamina with a Penfield elevator while leaving the muscular attachment to the spinous process undisturbed. c and d: In the C6-nonpreservation procedure, the paraspinal muscles were dissected and detached thoroughly from the C3-5 and C-6 posterior aspects. e and F: Anteroposterior and lateral radiographs after the C6-preservation procedure. Copyright (A-D) Eiji Mori. Published with permission.
The type(s) and area(s) of distribution of axial neck pain (patients were allowed to select multiple types and/or areas) were examined and defined as positive when patients experienced pain 1-3 months after surgery or at the final follow-up observation. The examination for axial neck pain was performed by a clerical nonsurgical staff member who was blinded to the patients' surgical status. The correlation between the ratio of the length of the C-6 spinous process to that of the C-7 spinous process (C-6/C-7 spinous process length ratio) and the VAS score for axial neck pain was examined after surgery or at the final follow-up. These items concerning axial neck pain were compared between the C6-preservation and C6-nonpreservation groups. Surgical invasion was also compared between the groups. The ROM and sagittal alignment from C-2 to C-7 were examined before and after surgery and compared between the 2 groups. Neurological function was assessed by using the Japanese Orthopaedic Association (JOA) scale (full score 17), which was administered by a doctor who was blinded to the patients' surgical status.
Statistical analysis
The clinical parameters of the 2 groups were compared using the Mann-Whitney U-test and the Fisher exact test. The correlation between the C-6/C-7 spinous process length ratio of each patient and his or her VAS score for axial pain was analyzed using Pearson's correlation coefficient. Statistical analysis was performed using the JMP program (version 8; SAS Institute Japan). p values of < 0.05 were considered statistically significant. Means are presented ± SD.
results
The mean surgical time was significantly longer and the estimated blood loss was significantly greater in the C6-preservation group than in the C6-nonpreservation group (Table 1) .
vaS Scores for axial Neck pain and vaS grades
The mean VAS score for axial neck pain in the C6-preservation group was equivalent to that in the C6-nonpreservation group 1-3 months after surgery (4.1 ± 3.1 vs 4.0 ± 3.2, respectively). Moreover, the mean VAS scores for axial neck pain were comparable between the 2 groups at the final follow-up observation (3.8 ± 2.9 vs 3.6 ± 3.0, respectively) (Fig. 3) . The VAS grade distributions were comparable between the groups at both 1-3 months after surgery and the final follow-up observation (Fig. 4) .
type of axial Neck pain
Among the types of axial neck pain, stiffness was the most prevalent complaint in both the C6-preservation and C6-nonpreservation groups (64.0% and 54.5%, respectively). Subsequently, pain was prevalent in both groups (40.0% and 39.4%, respectively). The prevalences of the types of axial neck pain were comparable between the groups for all 5 types (Fig. 5) .
location of axial Neck pain
Among the locations of axial neck pain, the suprascapular region was the most common site in both the C6-preservation and C6-nonpreservation groups (60.0% and 57.1%, respectively). Subsequently, the nuchal region was commonly affected in both groups (48.0% and 45.7%, respectively). The prevalences of axial neck pain were comparable between the groups at all 5 regions (Table 2 ).
c-6/c-7 Spinous process length ratio and axial Neck pain
The mean C-6/C-7 spinous process length ratios were comparable between the C6-preservation and C6-nonpreservation groups (76.9 ± 9.9 vs 78.0 ± 11.2, respectively). The C-6/C-7 spinous process length ratios of the patients were not significantly correlated with the VAS scores for axial neck pain either 1-3 months after surgery or at the final follow-up in the C6-preservation group (Fig. 6) . Similarly, no significant correlation between the C-6/C-7 spinous process length ratios and the VAS scores for axial neck pain was observed for either postoperative stage in the C6-nonpreservation group (Fig. 7) .
radiographic and Neurological outcomes
The reductions of ROM at the final follow-up visit, which were greater in the subgroup of patients with OPLL than in the subgroup of patients with CSM, were comparable between the C6-preservation and C6-nonpreservation groups in both of these subgroups (Table 3) . Neither fracture of the lamina nor dislodgement of a spacer was observed in either of the 2 groups in the follow-up period. The sagittal alignment conversion of preoperative lordosis to postoperative kyphosis was observed in only 2 patients in the C6-nonpreservation group. A loss of C2-7 lordosis of > 10° was observed in 2 patients (8.0%) in the C6-preservation group and in 3 patients (8.6%) in the C6-nonpreservation group. The JOA score and its recovery rate were not significantly different between the 2 groups ( Table 4 ). The mean hospital stay was 43.7 ± 21.3 days in the C6-preservation group and 42.5 ± 16.0 days in the C6-nonpreservation group. The patients participated in a rehabilitation program after surgery during their stay in the hospital. Therefore, they were not discharged soon after their surgery. In the C6-preservation group, 3 patients (12%) experienced dysesthesia in the upper extremities after surgery. These unpleasant symptoms were relieved in a few weeks with conservative treatment. One patient had cerebrospinal fluid pooling in the surgical site, which was identified after surgery and was associated with headache and nausea. He was treated conservatively and successfully without neurological worsening. Another patient had night delirium that lasted only a few nights. In the C6-nonpreservation group, there were 5 patients (14.3%) who experienced postsurgical dysesthesia in the upper extremities, which was relieved with conservative treatment in a few weeks. One patient was diagnosed with pneumonia after surgery and was treated successfully with antibiotics. One patient with an electrolyte abnormality and the patient with night delirium were managed conservatively. It was fortunate that neither neurological worsening (including C-5 paresis) nor any other serious complications, such as surgical site infection, nerve injury, or hematoma, occurred in either group.
discussion
Postoperative axial neck pain typified by persistent pain around the neck and shoulders is a common problem associated with cervical laminoplasty. 7, 8, 12, 18 There have been wide variations in the incidence of axial neck pain after various types of laminoplasty techniques. 6, 13, 18 Several posterior cervical decompression techniques, such as skip laminectomy, 21 segmental partial laminectomy, 17 and muscle-preserving laminoplasty, 14 have been introduced in an attempt to reduce postoperative complications, including axial neck pain. In terms of preventing axial neck pain, the results were not always favorable. 22, 23 Although the exact cause of axial neck pain has not been detected, intraoperative invasion to the nuchal muscles is presumed to be involved in this complication. 14, 17, 21 Nuchal muscles, such as the trapezius, rhomboid minor, splenius capitis, and serratus posterior superior muscles, are more densely and closely bound to the C-7 spinous process than other upper or middle cervical vertebrae. 11 Moreover, the maximum force generated by the trapezius has been reported among the cervical vertebrae to be the greatest at C-7. 10 In clinical research, the authors of one study reported that axial pain was induced after upper thoracic surgery and required detachment and spreading of the spinous process or vertebral arch at the cervicothoracic junction; these results were in contrast to those after middle or lower thoracic surgery, which was associated with no strong postoperative pain around the surgical wound. 19 These findings suggest that the connection of the nuchal muscles with the C-7 spinous process is very important and related to the pathology of postoperative axial neck pain. Focusing on preserving the large spinous process of C-7 as the important origin of the nuchal muscles, Hosono et al. 6 conducted a comparative study of conventional C3-7 laminoplasty and C3-6 laminoplasty by limiting the range of decompression with preservation of the C7 spinous process. They demonstrated the superiority of C3-6 laminoplasty over C3-7 laminoplasty in regard to axial neck pain; the incidence of postoperative axial neck pain was only 5.4% after C3-6 laminoplasty versus 29% after the C3-7 procedure. They emphasized the importance of preserving the C--7 6 . Correlation between the C-6/C-7 spinous process length ratios of the patients and the VAS scores for axial neck pain in the C6-preservation group. The C-6/C-7 spinous process length ratios were not significantly correlated with the VAS scores for axial neck pain either 1-3 months after surgery (upper) or at the final follow-up observation (lower).
spinous process and the origin of the trapezius and rhomboid minor muscles on the C-7 spinous process for preventing postoperative axial neck pain. Patients with axial neck pain often experience increasing pain in the sitting or upright position, in contrast to decreasing pain in a lying position. Hosono et al. 6 provided the following explanation for the pain pattern. Downward displacement of the upper extremities occurs in the sitting position because of gravity. The trapezius and rhomboid minor muscles connecting the C-7 spinous process and the scapula are stretched by adduction of the scapula with downward displacement of the upper extremities. The disruption of the connection at the C-7 spinous process, serving as the important muscular attachment point for these muscles, might increase the stress on the remaining muscles attached to other spinous processes, resulting in persistent axial pain.
The attachment of the trapezius ranges widely from the occipital bone to the T-12 spinous process. In particular, the speculum rhomboideum section, which is composed of the middle fibers of the trapezius, is very strong because of the presence of a very strong tendinous component. From an anatomical study using 50 cadavers, Ono et al. 16 reported that the speculum rhomboideus of the trapezius attached to the spinous process between C-3 and T-3, and its center was located at the C-7 spinous process in more than half of the individuals. The attachment of the rhomboid minor muscle to the spinous process occurred between C-5 and C-7. The C-6 spinous process is the second longest spinous process next to the C7 in the cervical region, and it plays a role as an attachment point for these muscles. Ono et al. 16 also stated that > 50% preservation of the attachment of the speculum rhomboideum of the trapezius was possible in 72% of the patients who underwent C3-6 laminoplasty with preservation of the C-7 spinous process and in 88% of the patients who underwent C3-C5 laminoplasty. The rhomboid minor muscle was possibly spared without complete dissection of the muscular attachment at the spinous process in 35% of the patients who underwent C3-6 laminoplasty and in > 50% of the patients who underwent C3-5 laminoplasty. Therefore, preserving the attachment of the paraspinal muscles to the C-6 spinous process in addition to the C-7 spinous process increases the preservation of the muscular attachment at the spinous process in the central area of the speculum rhomboideus of the trapezius and the rhomboid minor, potentially reducing axial neck pain more than that after using the preservation technique on the C-7 spinous process alone. However, the relationship between preservation of the C-6 spinous process and axial neck pain has not been studied thoroughly. Contrary to our expectations, the mean VAS scores and the distributions of VAS grade for axial neck pain were amazingly comparable between the C6-preservation and C6-nonpreservation groups in both the early and late postoperative stages. In addition, neck pain as assessed by VAS scores and the type of pain and its location were similar between the 2 groups. These results demonstrate that our paraspinal muscle preservation procedure for the C-6 spinous process was not superior to the C6-nonpreservation technique in terms of reducing postoperative axial neck pain.
We assume that the reason that the C6-preservation procedure did not achieve a successful result regarding Fig. 7 . Correlation between the C-6/C-7 spinous process length ratios and the VAS scores for axial neck pain in the C6-nonpreservation group. The C-6/C-7 spinous process length ratios were not significantly correlated with the VAS scores for axial neck pain either 1-3 months after surgery (upper) or at the final follow-up observation (lower). axial neck pain includes anatomical and technical aspects. We did not know the range of attachment of the speculum rhomboideum of the trapezius and the rhomboid minor to the spinous process in each patient; therefore, we did not understand the extent of preservation of these muscles with regard to treatment of the paraspinal muscles at the C-6 spinous process. The maximum degree of preservation of these muscles and the resulting effect on the control of axial neck pain might be reached with preservation of the C-7 spinous process regardless of the C-6 procedure.
Although we also examined the relationship between the length of the C6 spinous process and axial neck pain, the C-6/C-7 spinous process length ratios were similar in the 2 groups, and furthermore, they did not correlate with axial neck pain. From a technical viewpoint, our preservation technique for paraspinal muscles at the C-6 spinous process did not clarify whether the C-6 spinous process and its attachment of paraspinal muscles were left intact.
The longitudinally split C-6 spinous process and lamina were spread similar to opening a double door while leaving the muscular attachment to the split spinous processes undisturbed, but the connections of the spinous process to the paraspinal muscles and nuchal ligament were different than those in the original alignment. Our preservation technique at the C-6 level might be insufficient for preventing axial neck pain, but another decompression technique allowing the C-6 spinous process and its paraspinal muscle attachment to be left intact could be successful. Stiffness and tension, which were frequently observed in the patients in our study, seem to be similar to symptoms derived from back muscle diseases after lumbar surgery. 15 Almost half of the patients in the present study presented with pain in the nuchal or suprascapular region, and these areas seem to correspond to those in which nuchal muscles are stretched between the scapula and spinous processes by adduction of the scapula with downward displacement of the upper extremities. These findings suggest that the pathology of axial neck pain is mainly attributable to intraoperative invasion of the nuchal muscles.
The pathology of neck pain after posterior cervical surgery is multifactorial. Highsmith et al. 4 conducted a comparative study of laminoplasty and laminectomy with fusion in patients with cervical stenotic myelopathy. Preoperative neck pain VAS scores of 3.2 increased slightly postoperatively to 3.4 in the laminoplasty group, whereas in the fusion group, VAS scores significantly improved from 5.8 to 3.0. The authors concluded that cervical fusion significantly reduces neck pain in patients with cervical stenotic myelopathy. Motion-related pain, which is improved by stabilization with fusion, is an important factor in neck pain. This clinical study demonstrated this kind of neck pain. The pathology of preoperative neck pain is possibly different from that of postoperative neck pain. Although pain was reduced after fusion, postoperative neck pain in the fusion group was comparable to that in the laminoplasty group. Spinous processes and paraspinal muscular attachments were not preserved in either of the groups. Postoperative neck pain might have been related to the resection of spinous processes associated with the dissection and detachment of paraspinal muscles.
We used only pain characteristics such as intensity, pattern, and location to evaluate axial neck pain. We believe that our assessment for neck pain was not sufficient, because neck pain is an individual unpleasant sensory and emotional experience that is affected by various factors, including cervical pathologies and psychological issues. We found no differences in the VAS scores for axial neck pain between the CSM and OPLL subgroups 1-3 months after surgery or at the final follow-up observation (3.8 ± 3.2 vs 4.7 ± 3.0 [p > 0.05] and 3.5 ± 3.1 vs 4.0 ± 2.5 [p > 0.05], respectively). We should have adopted the use of additional instruments such as the Neck Disability Index, 24 which is most widely used to assess the effect of neck pain on the ability to manage everyday tasks, and the Selfrating Depression Scale, 2 which is used for the assessment of psychological factors. These additional evaluations probably would have helped us identify the differences in axial neck pain in our 2 groups of patients.
When VAS Grade III and IV axial neck pain (> 5.0 VAS points) in the present study was considered nearly comparable to moderate and severe axial pain (medicine or physical therapy for the painful muscles regularly needed), respectively, the incidence of axial neck pain in the late postoperative period was 34% in our study compared with 5.4% in the study of Hosono et al., 6 in which these grades of pain were defined as axial neck pain. Although it is not precise to compare the results directly between these 2 studies because of the differences in axial neck pain measurements, the incidence of postoperative axial neck pain was higher in our study than in the study of Hosono et al. despite the use of C3-6 laminoplasty with C-7 spinous process preservation in both studies. This finding suggests that the difference in the laminoplasty techniques, doubledoor laminoplasty in our study and open-door laminoplasty in their study, possibly contributes to the pathology of axial neck pain. The purpose of the present study was to examine the efficacy of preserving the paraspinal muscular attachment to the C-6 spinous process in reducing postoperative axial pain. Our technique for preserving the C-6 spinous process did not effectively diminish pain.
The current study has some limitations. The study was retrospective, and the patients were not randomly assigned to their treatment group. Not only the individual surgeons but also the number of surgeons between the 2 groups were different. There are biases based on the technical variety of the surgeons and patient selection. A randomized prospective study without any biases would have been ideal. However, this was a preliminary nonrandomized comparative study aimed at investigating the advantages of the paraspinal muscle preservation technique before a randomized study is conducted. Each surgeon in each group was an expert spine surgeon with more than 10 years of experience who had no technical difficulty in handling the paraspinal muscles. Therefore, the difference in the surgeons between our 2 groups does not seem to highlight a difference in the surgeons' skills. The sample size was small, and it included a combined population of patients with CSM and cervical OPLL. There was no image assessment of the paraspinal muscles at the C-6 level, including atrophy or signal changes of muscles concomitant with postoperative clinical evaluations. A prospective randomized study with a large sample size would be re-quired to compare the effect of differences in axial neck pain on the clinical outcome of C3-6 laminoplasty versus that of C3-5 laminoplasty with the preservation of the C-6 spinous process out of the range of decompression.
conclusions
The VAS scores for axial neck pain and the distribution of VAS grades in both the early and late postoperative stages and the types and locations of axial neck pain were comparable between the C-6 paraspinal muscle preservation procedure and the C6-nonpreservation procedure. The C6-preservation technique was not superior to the C6-nonpreservation technique in preventing postoperative axial neck pain.
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